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LONG-TERM GOALS

The overall goal of this work involves the development of a self sufficient, fieldable micro sensor
fabricated with micromachining technology. The targeted integrated sensor comprises both a chemical
sensor (e.g. explosive detection) and physical sensor (CTD).

OBJECTIVES

The main focus of the effort is to advance an adaptive chemical analyzer that utilizes on-chip reaction
separation and either a photonic or an electrochemical detection strategy. The scope of work included
multiple developments: field deploy a separations device; advance seawater sampling
preconcentration, devise an integrated opto chip; develop miniature HPLC that includes a mini high-
pressure pump and mini power supply; place temperature and conductivity and depth functions on a
planar surface and develop sensor packaging techniques.

APPROACH

As in the past we rely on the advances in our PCBMEMS fabrication methods that we have developed
for ease of creation of the MEMS and to further the microsensors for the field. The chemical separation
sensor has two main paths of development: ship board CE system and mini HPLC field sensor. Method
development for seawater matrices is a necessary task for all field analysis. The current activity
includes the transfer of the lab based chemical processor for deployment in the field along with
advancing the CTD physical sensor.

WORK COMPLETED

Separations type micro-Chemical Sensor Field Unit

o Further the CE unit for the field

o Further the seawater sample pretreatment process and detector integration.
J Advance towards the integrated microchip HPLC unit

o Advance the ejection of chemicals off of the microchip for other detectors

Robotic Electronic Nose/Tongue
° Further the CE unit for amino acid fast detection
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) Flume Demo a Carbon Fiber TNT sensor

Integrated Physical Sensing Device
. Continue on with the conductivity and temperature fabrication and test
. Implement a pressure function on chip

Sensor Array Development
. Advance the progress of the MEMS physical sensor package

Fabricate a group of sensors and test locally

Shipboard CE system. We have a completed lab system and have resolved the purification route for
shipboard deployment for protein distribution measurements. We have scheduled deployment of the
protein chip analyzer in the November 2003 in Florida Bay.

HPLC- pump. For the HPLC system we have focused effort on the HPLC column fabrication beyond
the pressure pump work previously reported. We have advanced methods for creating monolithic
HPLC stationary phases and microextraction (titania-PDMS) phases using sol gel media. The media is
the preferred stationary phase in the HPLC chip and is the basis for a sample prep patent. We have
created microchannels in liquid crystal polymer and are further integrating solid phase media with the
channel architectures.

Figure 1. HPLC chip in liquid crystal polymer PCBMEMS. Fluidic interconnected system (left) and
microchannel layout (right).

Micro Power Generation. We have made the components for a Cu/Zn Daniell’s microbattery using
our PCBMEMS technology. We have reported on the battery results to 13 International Microchannel
Conference and also at a Fuel Cell Conference. We are primarily focusing on the PCBMEMS battery
technology at this time and from this research are inserting an aluminum based PCBMEMS battery in
BSOP (ONR funded drifter platform).
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Figure 2. Isometric view of the micro-fluidic cell for Cu-Zn battery. Cu cathode (center) and
electrolyte reservoirs (right) in LCP.

Opto-electronic cube. The compact LED/PD based opto-analyzer has made progress. We have
designed, fabricated and are testing a disposable cube analyzer for explosives residues and other
environmental targets using embedded solid phase extraction. Our approach is to use these detectors
coupled tightly with AUV’s for a robotic chemical screening. We are concluded the period with further
testing of the sensor on the EEG Concepts ROV. Field data is shown for Cu detection from a field trial.

/

Results from Cu sensitive solid phase material on RGV.

Electrochemical Detection system/nose. We have made continued progress for the electrochemical
detection mode of the amino acid CE device and pressure driven devices.with a focus on explosives
detection. In order to make a fieldable system we have expedited the deployment of the three-electrode
voltammetric remote sensor. The probe has proven results for seawater analysis for explosives. We
have made a submersible system and have made a recent field deployment using the canister with
exceeded our target of a simple flume demo as part of this period of performance
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Figure 4. Square-wave Voltammograms for field test results in Tampa Bay, compared to laboratory
experimental result. Explosive residues data indicating difference in signal from seawater and in
proximity of TNT concentrate dispenser from sensor system in field deployed on RGV. Right- fast
amino acid amperometric detection on chip using Cu electrode as an biomimetic detector.

MicroCTD. We have progressed the C, and D portion of the CTD. The thin film temperature is
complete. We have focused much of our effort on liquid crystal polymer (LCP) for creating this
PCBMEMS system due to its superior water resistance and the process steps for processing the LCP
material. We are processing two C-cell modes at this point: phase measurement and electrode based.
The phase technique measures the phase difference between two equal frequency RF signals coupling
through the seawater medium through the two coils.

Initial tests yield a linear slope for change in temp at a fixed salinity. An integrated RF board with
integrated RF devices is being fabricated into a single small PCB.

Figure 5. C sensor based on phase measurement.

The electrode system is also being constructed at this time. It is a copper-platinum-black platinum
system over Cu/LCP. The pressure-sensing mode for the CTD is based on the material deformation of
the copper clad LCP. Two distinct sensors were developed using this approach, relying either on the
stretching of the copper or the compression of the LCP under higher pressure environment. Currently
the film is being tested for response.

Integrated microchip lonsprayer. We have focused on the microchip ion sprayer towards modeling
and understanding a direct introduction liquid sprayer with integrated ion lensing. Next steps are the
fabrication of the integrated chip using our developed LCPMEMS fabrication process for fluidics,



sprayer and integrated lens system. We have implemented an ion lens array testbed and have achieved
25% ion transport, compared to the industry standard of 1-3 %.

Figure 6. SIMION modeling of a spray chip (at left). LCP/Cu mesh (center) and voltage ladder lens
stack (right).

Sensor Array Packaging. Also included in the project is the creation of a system in a package
approach towards integrated marine microsensors. We have proceeded with a polyimide folded flex
system in a package approach. We have further involved NAVSEA —Crane in the PCB board design
who is supporting the design and fab effort.

Figure 7. Folded flex system in package approach for the wireless microdatalogger portion of the
integrated fieldable microsystem.

RESULTS

We have contributed to advances in the field of Maritime MEMS and the techniques needed to
fabricate microfluidic-based systems for field analytical purposes. We have initiated primary work in
the development of PCBMEMS, an emerging field that will result solely from this funded project. Our
current focus is to push integration of the explosive lab prototypes into the field for homeland security
support. This proof of technology demonstration has impact for AOSN, Ocean Observing Systems,
Navy Sensor Grids and Operational Oceanography and NAVSEA will benefit from the new
manufacturing and technology approach and additionally the creation of a microdatalogger.
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